Background--Diabetes mellitus (DM) is a major risk factor for cardiovascular events. We aimed to investigate the coronary plaque phenotype of diabetic patients who presented with acute coronary syndromes by optical coherence tomography.
D
iabetes mellitus (DM) is a major risk factor for coronary artery disease and cardiovascular events. 1, 2 Coronary arteries of patients with DM are angiographically characterized as showing diffuse narrowing and multivessel disease. 3, 4 Pathology studies have demonstrated that patients with DM have plaques with larger necrotic cores, increased presence of inflammation, and advanced coronary artery calcification. 5 Recently, several small studies have reported in vivo plaque characteristics in patients with DM using optical coherence tomography (OCT), but with conflicting results. [6] [7] [8] In the present study, we compared the plaque characteristics of patients with DM who presented with acute coronary syndromes (ACS) in both the culprit and the nonculprit lesions to those of patients without DM from a multicenter experience. We also compared the culprit plaque morphologies according to the underlying culprit lesion pathology (rupture versus erosion) and the clinical presentation between patients with and without DM.
Methods
The data that support the findings of this study are available from the corresponding author on reasonable request.
the culprit plaque were identified in the Massachusetts General Hospital OCT Registry (ClinicalTrials.gov: NCT01110538). Patients with in-stent restenosis (n=150), imaging after predilatation (n=75), poor image quality (n=45), short pullback (n=12), and incomplete demographic, clinical, or imaging data (n=195) were excluded. Finally, 322 patients with ACS were included in the analysis. Diagnosis of ACS included ST-segment-elevation myocardial infarction or non-ST-segment-elevation acute coronary syndrome (NSTE-ACS) as previously described. 9 The culprit lesion was identified based on angiographic findings, ECG changes, and/or left ventricular wall motion abnormalities. In patients with multiple stenoses, the culprit lesion was identified as the lesion having the most severe stenosis or with evidence of recent plaque disruption, such as a filling defect suggestive of thrombus on angiogram. Patients were assigned to the DM group if receiving insulin or oral hypoglycemic agents, had fasting plasma glucose level ≥126 mg/dL, 2-hour plasma glucose level ≥200 mg/dL by oral glucose tolerance test, classic symptoms with casual plasma glucose level ≥200 mg/dL, or hemoglobin A 1c (HbA 1c ) level ≥6.5%. 10, 11 The DM group was further divided into 2 subgroups: a high-HbA 1c group (HbA 1c ≥8%) and a low-HbA 1c group (HbA 1c <8%). Plaque characteristics were compared between DM patients and non-DM patients. The Massachusetts General Hospital OCT Registry was approved by the Institutional Review Board at each participating site, and all patients provided written informed consent before enrollment.
OCT Image Acquisition and Analysis
OCT examination was performed using either a frequencydomain (C7-XR Fibrous cap thickness (FCT) overlying a lipid plaque was measured 3 times at its thinnest part, and the average value was calculated. 7, 12 Lipid length was obtained by longitudinal view, and lipid index was calculated as the product of mean lipid arc and lipid length. 7, 12 Lipid-rich plaque was defined as a plaque with a maximal lipid arc >90°. 7 Thin-cap fibroatheroma (TCFA) was defined as a plaque with maximal lipid arc >90°a nd thinnest FCT ≤65 lm. 7, 15 Macrophage accumulation was defined as the presence of highly backscattering focal regions within the fibrous cap. 13 Microvessels were defined as the presence of signal-poor structures with vesicular or tubular shapes. 12, 13 Cholesterol crystals were identified as thin and linear regions of high signal intensity with high backscattering within a plaque. 12, 13 Calcification was defined as signal-poor or heterogeneous regions with sharply delineated borders. 13 Spotty calcium was defined as the presence of lesions containing calcification arc <90°and extending in length for 1 to 4 mm. 16, 17 Thrombus was defined as an irregular mass with minimum diameter >250 lm adherent to the vessel wall or floating within the lumen. 12, 13 Plaque rupture was defined as fibrous cap discontinuity with cavity formation. 13 Plaque erosion was identified by the presence of either an attached thrombus overlying an intact and visualized plaque, a luminal surface irregularity at the culprit lesion in the absence of thrombus, or attenuation of underlying plaque by thrombus without superficial lipid or calcification immediately proximal or distal to the site of thrombus. 9 In patients with multiple stenoses, the culprit lesion was identified as the lesion having the most severe stenosis and/or with evidence of recent
Clinical Perspective
What Is New?
• The present study represents the largest series so far among the optical coherence tomography studies in patients with diabetes mellitus. Our results demonstrated that patients with diabetes mellitus had a higher prevalence of lipid-rich plaque and macrophage accumulation at the culprit plaques and greater lipid arc, thinner fibrous cap, and more prevalent thin-cap fibroatheroma at the nonculprit regions, indicating a higher level of panvascular plaque instability.
What Are the Clinical Implications?
• Our results suggest that plaques in patients with diabetes mellitus and acute coronary syndromes have a higher level of pancoronary vulnerability.
• Therefore, more aggressive risk including tight control of glucose, lipid, and blood pressure is particularly important in patients with diabetes mellitus who present with acute coronary syndromes.
plaque disruption including thrombus. Plaque characteristics of the culprit lesions were compared between patients with DM and those without DM. Nonculprit plaques with area stenosis >50% on OCT were also identified. 11 In the subgroup of patients in whom sufficient length (≥30 mm) of nonculprit region in the culprit vessel was imaged by OCT, the characteristics of nonculprit plaques were also evaluated.
Statistical Analysis
All analyses were performed using SPSS 
Results

Patient Characteristics
A total of 322 patients with ACS who had undergone preintervention OCT imaging of the culprit lesion were investigated. Among them, 95 patients (29.5%) had DM. DM patients were older, more frequently observed in female, and had a higher prevalence of hypertension and a lower prevalence of current smoking than non-DM patients. Patient characteristics are summarized in Table 1 .
Optical Coherence Tomography Findings
Culprit plaque characteristics by OCT are described in Comparisons of the culprit plaque morphologies according to the culprit lesion pathology (rupture versus erosion) are shown in Table 3 and Figure. In patients with culprit plaque rupture, the prevalence of lipid-rich plaque, macrophage accumulation, and TCFA was similar between patients with and without DM. The prevalence of microvessels was higher in patients with DM than in those without DM. In patients with culprit plaque erosion, compared with patients without DM, patients with DM had a significantly higher prevalence of lipidrich plaque, macrophage accumulation, and cholesterol crystals.
Comparisons of the culprit plaque characteristics according to the clinical presentation are shown in Table 4 . In patients with ST-segment-elevation myocardial infarction, patients with DM had a significantly smaller minimal lumen area and reference lumen area, a significantly higher prevalence of macrophage accumulation, calcification, and spotty calcium compared with patients without DM. In patients with NSTE-ACS, patients with DM had a significantly higher prevalence of lipid-rich plaque compared with those without DM. In the subgroup of 250 patients who had sufficient OCT imaging of the nonculprit regions of the culprit vessel, 108 nonculprit plaques were identified. Among 108 nonculprit plaques included in the subgroup analysis, 34 were also included in our previous study, 7 Tables S2 and S3. In the culprit lesions, DM groups (both high and low HbA 1c ) had a higher prevalence of lipid-rich plaque and macrophage accumulation than the non-DM group. In the nonculprit lesions, the high-HbA 1c group had the greatest lipid burden among the groups.
Discussion
This study demonstrated that (1) patients with, compared with those without, DM had a higher prevalence of lipid-rich plaque and macrophage accumulation in the culprit lesion, and (2) the DM group had greater lipid arc, thinner FCT, and a higher prevalence of TCFA in the nonculprit plaques of the culprit vessel than did the non-DM group.
Culprit Plaque Characteristics in Diabetic Patients
Patients with DM have greater necrotic cores and increased levels of inflammation characterized as macrophages and T lymphocytes on pathology studies. 18, 19 Moreover, poorly controlled DM is associated with a greater lipid burden. 18 Intravascular ultrasound studies have shown that patients with DM and ACS have greater plaque burden and necrotic core volume at the culprit lesions compared with patients with ACS but not DM. 20, 21 In contrast, previous OCT studies did not demonstrate the differences in the prevalence of lipid-rich plaque or TCFA at the culprit lesion. 6, 8, 22, 23 However, these studies reported only a small number (<80) of patients with a single-or 2-center experience. The present study represents the largest series so far. OCT is the only intracoronary imaging modality that is capable of visualizing features of plaque vulnerability such as macrophage accumulation and TCFA that has been validated by histology studies. 24, 25 Our results demonstrated that patients with DM had a higher prevalence of lipid-rich plaque and macrophage accumulation at the culprit plaques, indicating a higher level of culprit plaque instability, consistent with previous pathology studies. 18, 19 Some studies demonstrated that patients with DM had more frequent healed plaque rupture on pathology 5 or ulceration detected by coronary angioscopy. 26 However, in our study, the distribution of underlying pathology of ACS (rupture versus erosion) was not different between patients with and without DM. Previous autopsy studies demonstrated that plaque erosion was associated with younger age, 27 female sex, 27 and smoking status 28 compared with plaque rupture. In our cohort, patients with DM and coronary artery disease were older, more frequently female, and had a lower prevalence of current smoking. These findings are consistent with previous clinical studies. 3, 4 The adjustment for these differences in baseline patient characteristics should have corrected the confounder effects on our results. However, these confounders might explain the lack of difference in the prevalence of plaque rupture and plaque erosion between the 2 groups despite the greater plaque instability with higher prevalence of lipid-rich plaque at the culprit lesions in patients with DM. Because detailed analysis based on culprit etiology has not been reported so far, we divided the study patients into 2 groups based on the culprit lesion pathology: rupture and erosion. In our results, in the culprit rupture group, the prevalence of microvessels was higher in patients with DM than in those without. This finding is in line with pathology studies that reported that patients with DM had increased microvessel density, which indicates plaque progression Figure. Comparisons of culprit plaque characteristics between patients with and without diabetes mellitus (DM) based on the culprit lesion pathology (rupture vs erosion). In patients with culprit plaque rupture (left column), the prevalence of lipid-rich plaque, macrophage accumulation, and cholesterol crystals was similar between patients with DM and patients without DM. In patients with culprit plaque erosion (right column), those with DM had a higher prevalence of lipid-rich plaque, macrophage accumulation, and cholesterol crystals. Chi-squared test and Fisher exact test were applied. evolving to plaque rupture. 29, 30 In contrast, in the culprit rupture group, the prevalence of lipid-rich plaque, macrophage accumulation, and cholesterol crystals was not different between patients with and without DM. Taken together, these findings suggest that plaque vulnerability at ruptured culprit plaques may be increased even in patients without DM. On the other hand, in the culprit erosion group, the prevalence of lipid-rich plaque, macrophage accumulation, and cholesterol crystals was significantly higher in patients with DM compared with patients without DM. Although it is generally accepted that plaque erosion is caused by local endothelial damage rather than vascular inflammation, in a subset of patients with DM, inflammation may still play a significant role even in cases of plaque erosion. In patients with DM, insulin resistance not only impairs endothelial nitric oxide synthase activity, leading to endothelial dysfunction, but also causes reactive oxygen species accumulation triggering proinflammatory gene expression. 31 It should be noted, however, that the overall features of vulnerability were still lower in the culprit erosion group compared with the culprit rupture group. Hyperglycemia and DM promote vascular calcification in various mechanisms such as advanced glycation end products, oxidative stress, and endothelial cell dysfunction. 5 The higher frequency of healed plaque rupture in patients with DM may also be associated with diffuse calcification. 32 The patients with DM often develop diabetic nephropathy, and uremia-related factors such as an increase in calciumphosphate products may also contribute to vascular calcification. Previous OCT studies have reported that older age and the presence of DM and chronic kidney disease were associated with the higher prevalence of calcified plaque. 33 Patients with DM are also known to have greater calcification arcs and a higher prevalence of calcified nodules in NSTE-ACS lesions. 8 In contrast, the present study did not show a statistically significant difference in the prevalence of calcification at the culprit lesions between DM patients and non-DM patients. Vascular calcification is associated with various factors such as age, sex, and hypertension. 34, 35 In our cohort, patients with DM were older and had a higher prevalence of hypertension than those without DM. The adjustment for these confounders may have affected our results. The comparison of the culprit plaque characteristics based on the clinical presentation showed that ST-segmentelevation myocardial infarction patients with DM had a smaller minimal lumen area and reference lumen area and a higher prevalence of macrophage accumulation, calcification, and spotty calcium compared with those without DM, whereas NSTE-ACS patients with DM had no significant difference except a higher frequency of lipid-rich plaque compared with those without DM. This result suggests that patients with DM presenting with ST-segment-elevation myocardial infarction, compared with those with NSTE-ACS, had more severe luminal narrowing and greater vascular vulnerability.
Nonculprit Characteristics in Patients With DM
In the subgroup analysis of the nonculprit plaques of the culprit vessel, the DM group had greater lipid burden and thinner FCT and a higher prevalence of nonculprit TCFA than the non-DM group. The high-HbA 1c group had the greatest lipid burden in the nonculprit region among the groups, indicating the importance of control of DM for plaque stabilization. However, this result should be interpreted with caution, as the number of patients in each group was small, and HbA 1c level reflects an average of blood glucose levels only over several months. Our results are consistent with previous reports demonstrating that patients with DM have a greater lipid burden in nonculprit plaques 7, 11, 36 and higher prevalence of nonculprit TCFA 6 compared with patients without DM. Taken together, these findings are suggestive of pancoronary vulnerability in DM patients, which explains the worse prognosis.
Clinical Implications
DM is associated with a higher incidence of myocardial infarction or cardiac death, 2 and worse prognosis after ACS, 37 percutaneous coronary intervention, 38 and coronary artery bypass graft surgery. 39 Panvascular inflammation in patients with DM presenting with ACS explains an increased risk for future nonculprit lesion-related major adverse cardiovascular events in patients with DM. 36 It may also explain the superiority of coronary artery bypass graft surgery to percutaneous coronary intervention in the clinical outcomes of patients with DM and multivessel disease. 40, 41 Our results demonstrated a higher level of panvascular instability in patients with DM. These findings suggest that more aggressive risk management including tight control of glucose, lipid, and blood pressure is of utmost importance regardless of underlying culprit etiology in patients with DM and ACS.
Study Limitations
First, this is a retrospective observational study from a registry database, and therefore selection bias could not be excluded. Although the analysis was retrospectively performed, data were prospectively collected. Our registry was an all-comers registry that enrolled patients who had undergone coronary angiography and OCT imaging. Second, this study used 2 different OCT systems (time-domain and frequency-domain OCT). However, the distribution of plaque morphology examined by each system did not differ significantly between the 2 groups. Third, due to its shallow penetration, plaque burden and arterial remodeling could not be evaluated by OCT. Fourth, data on the etiology and duration of DM, the types of oral hypoglycemic agents used, and serial HbA 1c values were not collected in our registry. However, it is known that the duration of DM is often not accurate, and the delay between the onset and clinical diagnosis is estimated at 4 to 6 years. 42 Fifth, the current OCT system cannot image an endothelial layer despite its high resolution. Therefore, diagnosis of OCT-derived erosion is a diagnosis of exclusion in the absence of fibrous cap rupture. Finally, this study did not evaluate clinical outcomes.
Conclusions
In the present study, compared with patients without DM, patients with DM had a higher prevalence of lipid-rich plaque and macrophage accumulation in the culprit plaques and had greater lipid arc, thinner FCT, and more frequent TCFA in the nonculprit plaques. These findings suggest that plaques in patients with DM who present with ACS have a higher level of pancoronary vulnerability. Generalized estimating equations were applied for fitting general-and generalized linear models. Data are presented as count (%) or mean ± SD. #Adjusted for differences in baseline characteristics. Generalized linear model for categorical variables and general linear model for continuous variables were applied. Data are presented as number (%) or mean ± SD. Thirteen patients in DM group were excluded from the analysis due to lack of HbA1C data.
Sources of Funding
#Adjusted for differences in baseline characteristics.
FCT = fibrous cap thickness; TCFA = thin-cap fibroatheroma. Generalized estimating equations were applied for fitting general-and generalized linear models. Data are presented as count (%) or mean ± SD. #Adjusted for differences in baseline characteristics.
FCT = fibrous cap thickness; TCFA = thin-cap fibroatheroma.
